Dissociated hippocampal neurons, grown in culture for 2 to 3 weeks, tended to fire bursts of synaptic currents at fairly regular intervals, representing network activity. A brief exposure of cultured neurons to GABA caused a total suppression of the spontaneous network activity. Following a washout of GABA, the activity was no longer clustered in bursts and instead, the cells fired at a high rate tonic manner. The effect of removing GABA could be seen as long as 1 to 2 days after GABA withdrawal and is expressed as an increase in the number of active cells in a network, as well as in their firing rates. Such striking effects of GABA removal may underlie part of the GABA withdrawal syndrome seen elsewhere.
INTRODUCTION
Exposure of neurons to GABA, the main inhibitory neurotransmitter in the brain, activates in these neurons a chloride conductance that causes a profound inhibition in the affected neurons for as long as GABA is present. Removal of chronically perfused GABA from intact brain tissue causes a characteristic increase in the excitability of the exposed neurons, to the extent that they may undergo severe epileptic seizures. This phenomenon, called the "GABA withdrawal syndrome (GWS)", has been studied extensively by colleagues (Garcia Ugalde et al., 1992 Silva-Barrat et al., 1992; Brailowsky & Garcia 1999) . GWS is assumed to be caused by a downregulation of the GABA receptor, such that GABA no longer inhibits cells, thus resulting in their inability to prevent seizures. GABA withdrawal syndrome has been assumed to activate mechanisms that are related to long-term memory, in that GWS can be expressed long after the removal of GABA from the tissue. GABA withdrawal syndrome has been associated with a number of morphological and biochemical changes in affected tissue (Arenda et al., 1994) . The molecular mechanisms underlying GWS are largely unknown, partly because the syndrome has been produced only in vivo, where only a small volume of nervous tissue can be chronically exposed to GABA, and the analysis of its cellular and molecular mechanisms is rather limited.
Tissue culture provides a simple in-vitro test system that is easily accessible to the biophysical and biochemical analysis of structure and function of central neurons, and where the GABAergic synapse has been studied extensively (Segal & Barker, 1984a; 1984b current that was associated with a marked increase in membrane conductance. Within a minute of the onset of GABA perfusion, the inward current sagged but then remained constant thereafter for the entire duration of GABA presence in the dish. Likewise, the conductance change caused by GABA was not reduced, indicating that at least for 10 min of GABA presence, no additional desensitization of the GABA receptor occurred beyond a possible fast one. In all 7 cells tested, each in a different culture dish, washout of GABA from the recording chamber, after either or 10 min of exposure to the drug, resulted in a rapid return of the membrane current and conductance to predrug levels. Recovery was followed by a dramatic increase in EPSC and IPSC discharges in a tonic manner (Fig. 2) . The high-frequency, Multi-chanuel recording To further characterize this unique short term effect of GABA withdrawal and extend it to hours and days after treatment, we resorted to a similar treatment of hippocampal cultures plated on MEA (Fig 3) . Recording the extracellular activity from the culture enabled us to monitor the behavior of many neurons in a non-invasive manner and to follow changes in their intrinsic firing properties and their interconnections over periods of up to 2 wk in culture (Maeda et al. 1995) . At the age of to 2 wk, activity was frequently detected in 5 to 6 of the 60 electrodes. Hippocampal neurons in a 9-dayold culture expressed moderate levels of activity, averaging 0.6 Hz. Most cells discharged highfrequency bursts, interspersed with long periods of quiescence, with a preference for a 2 to 8 see interburst interval (Fig. 3) , in much the same way as that seen with the intracellular recording shown in Fig. 2 above. Exposure to GABA (201xM) for 3 to 5 min totally suppressed action potential discharges in all of the recorded cells (n=25). Fast washout of GABA resulted in most of the cells in a high frequency of spike firing and complete disappearance of slow burst-firing pattern. An example of the activity of 4 different cells before the GABA application, within 10 min, and 24h after the GABA washout, is presented in Fig. 4 Although the use of a patch pipette did not allow the exact determination of the chloride reversal potential in the undisturbed neuron, the results of other studies using cell-attached patch recording (Murphy et. al., 1998) indicate that for cells at an age similar to that used in our experiments, from 1 to 3 weeks of culture, GABA is inhibitory. The ability of GABA to evoke an inward current in our cells, as recorded with the patch pipette, entails the reversal potential of chloride, which is 10 mV below our standard holding potential (-60mV) .
Because of their strategic locations and functions, GABAergic intemeurons are the targets for extensive modulation in central circuits. Such intemeurons are innervated by an array of extrinsic modulatory systems, including serotonin-, acetylcholine-, and nomdrenaline-containing terminals (Freund & Buzsaki, 1996) , and by local excitatory and inhibitory collaterals. In the hippocampus, where local intemeuronal circuits have been studied extensively, subsets of interneurons contain selective calcium-binding proteins and neuropeptides. Intemeurons regulate network activity in the hippocampus, both via the activation of short-lasting GABA-A receptors, and longer-lasting GABA-B receptors. Thus, the ability to regulate network activity by interacting with a minimal number of GABAergic neurons is much more efficient than an interaction with the more abundant pyramidal neurons (Yanovsky et al., 1997) . Our present results indicate that even a short exposure of a network to GABA can have long-lasting consequences to the network activity. Thus, intensive GABAergic activity, caused by drug-mediated release of GABA from terminals, may, upon its termination, cause the system to undergo a period of extensive excitation. This phenomenon may have long-term consequences for the ability of the network to react to excitatory afferents and may produce a withdrawal syndrome, expressed at different levels of neuronal activity.
